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‘1’hc Spacchcmm imaging Radar-C/ X-band Synthetic Aperture fiaclar (SIJ<-(YX-SAR),  the

mos[ advanced imaging radar system [0 have nowll  in liarlh orbit, was cariiccl in the car~o

bay of the Space. Shuttle lklcavour  in April and (ktobcr,  1994. S1 R-C/X-SAR

simultaneously rccordcd  data at three wavclcngll)s  (1 .-, C.-, and X-bands; 23.5, 5.8 ancl 3.1

cm, rcspcc.tivcly)c  in acldition,  the full pcdarilm.tric scatkring,  matrix was obtainccl  at 1.- and

C-band over a variety of’ terrain and vc.gclation types. Scic.ntists  arc using  ]l]tlltifrc(lLlcllcy,

polari]nc[ric  SIR-C/X-SAR  data in studies of s,cology,  hydmlc)gy,  ecology, oceanography

:ind radar remote.  smsing  lcchniqucx. “1’hc  Oc[obcr S1 R-CL X-SAR ftigl]t also included

acqllisilion of cxpcrimcntal  r e p e a t - p m s  il]lc]’fcro]l]c.l]”j~  clata  which  have km Ilsc.d  10

:,cncratc. cligital  elevation models  and to detect surf me motions in volcanic, tectonic an(i

f,lacial Icrrains. Results from SIR-C/X-SAR clc.iwly  show the incrcasc.d  value of using

mult iparamctm  aTd interfcronmt ric capabi]  it ics to charactc.rkc  ca]lb>s  surfxx  and vcgclat  ion

cover and to ge.nc.rate geophysical products compared with optical scnsc)rs 0]- si]lg,lc-

channcl radars alone.

lntrocluclion

“J’he Spaccbornc.  ]maging Radar-(: / X-bancl  Synthetic Apmlure  Radar (SIR-CYX -SAR) is

the most advancccl  imaging radar system to have flown in 1 iallh mbit. Carried in the cargo

b a y  o f  tk S p a c e  Shutk lklcavour  in Ap]-il and  Octobcr, 1 9 9 4 ,  SIR-UX-SAR

sinmltancous]y  rccordccl  SAI< clata at thrm wavelengths (1 ,-, C-, ancl X-bands; ?3.5, 5.8

an(i ~. ] cm, rc.spcctivc]y).  ]n adclition,  the fu]l po]arimctric  scattering matrix was obtainccl

by the SIR-C instrument a( I,- and C-band over a variety of tcrranc  and vegetation types.

‘1’hc integrated systcm is stccrablc in look ang,le (electronically in tbc case of SIR-C,

mechanically in the case of X-SAR) to obtain da(a in the m@ar range of 15°-600. imaging

resolution varies from about 10 to 50 meters, dcpcncling  on the geometry and data taking

configuration. OvcI the two flights, a total c)f 143 hours (93 tcrabi(s)  of SAT< data WCIC

dig,ital]y  rccordcd on tape for sllbscqucnt  processing in the 11. S., Gcrlnany, and ltaly (c. ~,.

l;vans  ct al., 1994;  Stofan,  et al., 1995; Jordan et al., 1995).



SIR-UX-SAJ<  is a cmcyxx:itjvc  cxpcrjmcI]t bdwc.m  thc Natimal Ae.ronaulics  and S p a c e .

Acllllillistla(iol]  ( N A S A ) ,  t h e  Gc.rmtm SIEK.C agency,  lJc.uIsc1]c  AgcntLIr fucr

l<all[l]falllla!  ~gclc.gc.s~l~e.itc.1~  (l) ARA), ancl the ltalian S p a c e .  Agcmcy,  Agcuw,ia Spmialc

]talima (ASI). SIR-C was dcvclcyed  by NASA’s Jet IYopulsion  1.abcmtcmy.  X-SA1< was

dcvclopcd  by the. I>cmicr and Alcnia Spaz,io compmics,  w i t h  tlm I)cutsche

] ‘C)l’sc]lllrlgsan s[a]l fucr 1.uft und ]<aumfdul  (]>] ,]{), lhc m a j o r  p a r t n e r  i n  sckmx,

opcrat ions, and data processing. ‘1 ‘hc cxpcri mcnt provides an cvo]ut  ionary step in N A S A‘s

Spacxbornc  imaging Radar (S11-?) program that  bqym with the Scasat  SAI< in 1978, and

continue.d with SIR-A in 1981 and S11<-11  in 1984. It also rc])rcsmts  a c.cmtinuation  of

Germany’s imaging radar program which starled with the h4icrmvavc.  RCMOIC Sensing

1 ixpcrimcnt  (N4RSI i) flown aboard the Shat[]c on tl)c.  first SI’ACf O ,All lnissiol] i]) 1983

(C.g. l;vans Ct al., 1993).

1 )a[a fro]l] tlm April find Octobc,r  SII<-CYX-SAR flights providr, a synoptic view of cilang,cs

on a slmr[ temporal scale an(l a basc]inc.  from which lol)gcl--tcrm changes can bc assessed in

the future. 1 ligh quality cla(a were acqailcxl  over all planned largcts,  ancl in addition, (hc

lnission  afforded ulliquc oppmlunitics  to observe flocding  in IIlinois mcl Gcmany, three

different views of tropical cyc.]cmc  CMllc, and a significant volcanic cru]~tioll  of

Kliuchcvskoi  v o l c a n o  oJ~ the Kamchatka ])cninsula (J;igurc 1). SIJ<-C d a t a  w e r e

downlinkcd,  processed, and rclcascd  via lnicrnct  within 24 hours after launch. X-SAR data

were proce.sscd in survey mode and clisp]aycd in real time, (Hvans et al., 1994, Stofm,  et

al., 199 S).

‘J’lm SI1<-CYX-SAR Sc.icncc.  Team consisting of 52 investigator teams from more than a

doze.n countries arc using SIR-CYX-SAR  data in stuclics of cco]ogy,  IIyclrology,  geology,

and occanogrtiphy.  CMcr investigations arc focused cm topics in SAR calibration and

clcclromagllctic  theory. 1 ntcrfcromctric data from S1 R-OX- SAR are. also bc.ing used fol

t orographic mapping, rmcl surP~cc cl~angc, monitoring comcc[ccl  with natural ha~,ards. 1 n

addition, SIR-UX-SAR  mcasurcmcnts  of rain s[orms dcmonstratccl for the first time, the.

capabi]  ity of a l~]tlltifrcc]llcr~cy,  Illtlltipolariy,atiorl  spaccborm radar s ystcm to quant  i fy

prccipi[atim  rates and to classify rain type (Jamson  et al., 1996). Since the flights in

1994, hunchcds  of adclitiomd  invcstigatc)rs have acccsscd SIR-CYX-SAR  data for studies as

diverse as archeology, land-use, and rcscwrcc manag,cmcnt indicating that ncw findings and

discovcrjcs  can be cxpcctcd  from this data set for many years to come.



Kasiscl)kc  C( al, ( 1996) provide a f,cncsal  overview of usc of ilnaging  radars fo]- cxdogical

a]q~lications.  ‘1’hc primary apj)lica[icms  of llltll[i-])ar:tll)ctcl  ,SAR data such as [hose ob[ai[w.d

by S11<-UX-SAR (o problc.ms  in ccmlogy arc: land-cover classification an(i forest p,rowth

c.sti]nates (e.g. Ilobscm cl al., 1995;  Ratlsol) cl al,, 1995; Ranscm al]ct Sun, 1996; Saa(chi  ct

al., 1 996; and Rignol  ct al., 1 996a), biomass cstima[ion (e.g. l)obson et al., 1995; IIarrc]l

c1 al., 1 996), and mapping of wcllan[l inundation (c,s. IIcss- c1 al., 1 995; I’opc c1 al.,

1996). SIR-UX-SAR  data have km used in several hydrology studies to impmvc  our

lll~(lclsl:ill(lillg  c)f the role+ of water in k g,lobal  c.]imatc and for I]]anagmcnt of water.

J kamplcs  include snow wetness map])ir]g  (Slli and J)oz,icl-,  1 995), soil lnoist urc. cst ilnatiorl

(Illbois cl al., 1 995; Wang c[ 21., 1 996), and ftoocI  monitol-il)g and clan~ap,c assessment

(Imnbc.rg  c.t al., 1996). in each of these s[udics,  ~~~lll[i}~ar;ll]lc.tcr  SAR data were shown (o

i mprovc  charac[crizat  ion c}f carlh’s surfwx OI- vc~cttit  ion cover,  or to gc.ncratc gcophysid

procluc[s  compare.d with optical SCIISOIS or single-channc] SAR sensors alo]]c.

SIR-UX-SAR  data C) VC.I’ gco]osic  targc.ts arc t]cing  used to addJ’css a broad r:ing,c  of topics,

i[lcludir]g volcanic (main  INa]q)Ing and [llollitoring (Mouginis-Mark,  1995; h4acKay and

h40uginis-Mark, 1 996), ar.olian proccsscs (Grcclcy  c.( al., 1 995; C;rc.clcy  C( al., 1 996),

s(udics of clim:ik change. (I~arr and Chadwick, 1 996; 1 ‘OI-StCr et al., 1 996), and lithologi(

and structural mapping of expose.ct (Kmsc, 1996) and subsurfidcc  features (c.. g. Abdclsalam

and Stern, 1996; IMbbagh  ct al., 1996; Scl)abcr c.t al., 1996).  l:ina]ly,  SIR-CYX-SAR  clata

arc being used for st ucl yi ng, a broad range of oceanographic plmnomc.na, including internal

wave.s, oil slicks, fronts, cdctics, ancl currmlts (l~igurc.  2)(c.g,.  Stc)fidn, cl al., 1 995;

Mona]ctc)  and IIcal, 1995).

1 luring  the Ck[olmr, 1994 flight of SIR-WX-SAR, over a million square kilolllcte,rs  of

mpcat  - pass SAR ir~tc.lfclol~~c.tl.~~  data were obtained. ScvcI  al orbits were dc.signccl  to

closely ctuplicatc  orbils  from the first flight, giving a time. separation of approximatcl  y six

]nonths.  Most obscrvaticms  during  the last four days of the second ftight were ctcvotcct  to

one-day repeat -JJass da(a takes, over several ctoz,cn targets arounct the world. ‘1’hc Shutl]c

navigation was cxt reme.1 y accurate, and mc)st  intcrfcxomctric J>ai rs were acquired with

baseline scJ~arat  ions of no more than a fcw hundred meters. I ‘ormation of in[crfcromctric

fringes was accomJdishwJ for all thrc.c  wavckn~ths, Althou@  lcpcat-pass  intcrfcromctry is

probabJy nc)t the ideal method for gcncrat  ion of digital elevation mmtcls  (111 iMs), the SIR-

(YX -SAR intcrfcromctry  data set has pICKILICCd  good results for many siks (c..s. h40rcira ct

al., 1995; Cioldstc.in,  199S). A lX~M was gcncratc(t f] om SIJ<-C 1,-banci  intcrfcromctric

clata  (hat extends from the Califorllia-C)rcgon  bmdcr to tk Mexican borcicr (1 iigure. 3). “Ik



sta[is[ica]  unccr[ain(y  of tlm 111 ;h4s lmi@~ts for this [rai’crsr. is typically 5-15 m rms (Rosen

Ct al., 1995)

Rqxxit-pass  intcrfcrwnctry  data lIavc alsc) km usd in stuclics of carlh-surfam change . .

~l!bk~l’ Ct a]. (] 996) llSCd dCCX)l’1’C]at i OIl lllCaSUI’fNllCnt  S Nllong OIIC-&~ I’C])Cdt  j)MSCS ~0 tl~Ck

advancing lava flows at Kilauca  volcano oJ] tbc. IIig lslanci  of 1 Iawaii and to estimate rates

of lava extrLlsicm,  Rcmn et al. (1996) awdyxcl a six-month rcp;at-}ms  J~air in an cffor[ to

quantify deformation of the Kilauca  c,dikc.  RaJ)id!y advancing glaciers  in tlm h’orlllc.rll

l’atfigonian  lccficlcl, Chile were. observe.d with one-day repeat-pass ciata (Rignot  et al.,

1996 b,c). h4aps of ice. ]nolicm alons  the rd:ir  l ine-of-s i : ,h(  an(i Inaps of Slacic.r

topography wc.rc dcr;vcxl  silnultallcous]y.

in addition to collecting the first llltlltifjcc]~jc~]cy  and lllLllti]Jol:ilillltlic  data frmn space.,

lhcrcby  allowing scientists to explore. tl]c planc[ in a wdy that IIas ncvc.r bcfo] c bczn

]mssil)lc, SIR-C/X-SAR rcprcscnts  scwml c)tllcr  cnginccring  “f]rsts”. II) addition to

sc]cctab]c! transmit bandwidt}]s of 10, 2(1, ami 40 h41 Iz,, S1 R-C also has sclc.ctabk ]mlsc.

lcrlgths of 8.5, 17, or’ 33 j~s to incrc.asc  sigll:il-t[)-rloisc  ratio over low-backscat[c.r  targets.

‘J’hc SIR-C;  1.- and C-band active pbascd array antennas also ]mvi(lc the. capability to slccl-

aml shape. (k antenna  p.atlcrn  to IIKYC opli[nally illuminate. the p,roun(i  track, and cnab]c

opc.ration in moclcs knowI] as SCANS AI< and SI’Orl’J ,lGI lg’ (Jordan ct al., 199.5). l~or

S(;ANSAR, the anlcnna patte,rn coverage OJI tl]c gmLIJKl is s[cp]d NX’oss track  du]-in~) k

syflt}mlic  apcr(urc  period to allow cover-agr. over a wirlcr swath. ‘1’his Il)ock C~tCJldS t}lc

Swat]l  to a wictth of 225 km, but at a rmluccd W,irnllth  reso]Lltion  of ] 00 m (~hang ct a].,

1 996). l;or SPCYI’IJIGHT, the borcsight  is j)ositionc.d in a7,inmtl)  to dwell  on an area as the

systcm flies by. ‘1’bis Inodc allows a highc.r  rcso]ll[ion ill azimuth (as gc)ocl  as 6 JN at 1.-

lxu]d at]d 3 m at C-band) for the sclcctcd alc.a, at the cxpcnsc.  of tllc along-track swath.

“]’hc Suite of SpaCe.bOJ’llc SAR Systcrm and pmgrarm Cllrrcnt]y  flying arlc~ envisioned  by [hc

international community pmv; dc an jrnport ant f’ral ncwork for acktrcssing  kcy scicncc i SSL]CS

and applications. 1  lowcvcr, actcti(ional  irltcrfcrc)lllellic  ancl nlLd[iparamc(cr  Incasure.memt

capabilities me rcqLlircd  for long-km cnvironmcnta]  monitoring ancl commercial

applications (c.. g. l~vaus  et al., 1 995; IIixon, 1 995; Winokur  c.t :il.,  1 995). JJascd 01] these

cnmgillg  rcquircmcnts, the SIR-CYX-SAR  hardware will bc modified by add;ng  a 60 m

boolll for single-pass intcrfcmmctry  (I;igure 4) and will be flown in the 1998-2000



t i f t ]cframc  to gene.rak a global topo~rapl  ]ic data base.. ‘1’his Inission will provide an

unprcccdcntcd  digilal  (opograpl]ir  I na]I of the world equator-ward of 60-d cgmcs l~(it  udc,,

which will serve as lhc Ic.fcrcnc.e data for future higher rc.solution  tojmgq)i]ic  and

lopc)graphic change  stllciics.  in a single. 11 d~iy Shut[le flight  a dip,i[al topographic map of

80% of 1 klh’s  land surfac.c  will be procluccd  with ciata points spaced every 30 mc(cls anti

8 meter rc]at ivc vcrlical accumcy.  1 ~ala sufficknt (o pmdLIcc,  a rcctiflecl,  tcrlai[)-c(JJ1cclc(l  Cl-

band (5.6 cm wavelength) mosaic at 30 mete.r rcsc)lutim  will als~) bc wcc]uircd.

A “1 .ightSAR” concc.pt is also being considcrc.d  which would make usc of advanc.cs  in

IIla(crjals  scicncc  and Ilybrjc!  strLmlL]rcs (low ~Ims, low lame.h VO]lIJIIC antc,nna) :{J1(]

n~icroclccmmicx  (low power) to design a 1 ow cost S AR. Nc.w infiatab]c,  de.p]oyfiblc.

antenna [CChllO]Ogy  is also being investigate.d to fmlhcr rcducc  mass and size. (prc-lau  Jdl),

:ind hcncc  reduce.  mission costs. 1 ,ow-cost X-band distrjbutcd  fyound  tcminal  stations

wm]l(i also bc va]id:itcd  as part of this mission. lk]nonstrab]y 10WC.J SAR ]Ilission costs

will c.nab]c  a variety of Opporl Llni[iCs  for scientific, o]xrational,  and colnl[mrcia]  syslcllls in

[hc futllrc..

Conclusions

SAR data provide uniqLlc inforlnation  abou[ tt}c. hc.alth  of the. planet a]lci its bimiivc.rsity, as

well as critical  data for natural hazards and rcmLwcc.  assessments. l]ltcrfelc)lllct]-ic

mcasmmcnt  capabili(ics  miqLlc.ly  provictccl  by  SAR arc. rc.qLlirc.ci to gcncratc  g l o b a l

[O]lO~J”@}iC. Jll:\])S, to moJlik)r  suJfwc toj~ographic  change, md to lnonitor  glacier icc

vclocily a[l(i ocean feat Llrcs. h4Ll]tij]at-arllctcr  SAR data l]avc. been shc)wn to improve land

cover c]assificalions,  measurements of above-gloLuld woody pkmt biomass, clc]incation  of

wc.tlan(i  i nu[](iat  icm, ami lllcasLllc.]llcllts  of sJlow and soil lnoistLll-c.  c}vcr optical sensors OJ

Si[lg]e.-c.]]zil)llc]  SAR scmsors  alone..  A]thmg]l the suite! of space.borne SAR syslcJns

currcn(ly  flying, and envisioned by tllc  international community pmvidc  an inq>ollant

framework for a(i(ircssing key scicncc  issues aJd applications, adciitional  intcrfc.romc[rk

al~(i mLllt  iparal  nctcr mcasurcmc.nt  c.apabilitics  :irc rcq ui rmi for kmg-tcrln  cnvironl]mt  al

monitoring anti commercial app] icat  ions



1+’igurc 1. Shuttle hancl-held photo  tdwn by ashmaut  ctc~{~!]le.llll>c.r (M) and coinciclc.nt

SIR-C; image of volcanic crup(ion  of Kliucl)cvskoj  volcano cm the Kamchatka peninsula

wllic}l bcgarl  Scp(cnnbcr 30, 1994. ‘1’hc image slmws al] a~ca approximak]y  30 kilometers

by 60 kilometers that is ccntcrcd  at 56.18 degrees north latitude an(l 160.78 clcglccs  cast

kmgitudc.  Nor[b is (cm’ard the top of the. ilmgc.. RME=I  ,-banci,  fkrizcmtal]y  transmitteci  ancl

reccivccl (1.111 I); grc.c.il= 1.-ballet, lloriz,ontal]y  transl]litkd  and vcrlical]y rc.ccivccl  (1 .IIV);

blLlc.=-(;-bancl,  horimnlal]y  transmitlc.d  and vcr-licxd]y  rcmivccl (~1 IV).

) ‘igurc  2. SIR-C imag,c of an offshore. chillir]g  fickt about 150 km west of’ llombay, ]ndia

showing oil slicks (Clark streaks), itltcmd  waves  (upper ccntcr), ancl ocean SWC1l (blLm

areas acljacm[  to intc.mal waves). Reck] .-b:incl, vcrlical]y trausmitlcd,  vc.rticxdly  rcccivccl

(1 .\~V) polarization, grccn=avcragc.  of 1,-ba[lcl  (VV) and ~~-band (VV), ancl blLlc= [;-band

(VV).

I;ig,urc 3, lXiM gcncrtitcd from SIl{-~ 1.-band inlcrfcromctrk clata cxkncling  from tbc

[~;llifc)lllia-O1cgol~  borcicr  to tk Mc.xic.an  bolder-, 3’l)c  statistical unm-tainty  of the. heights

for this travcfrsc.  is typically 5-15 m rms (Rosen ct al., 1 995).

l;igurc 4. Artist’s ccmccpticm  of SI}<-UX-SAR llardwarc moclifkct by aclding a 60 m boom

for sillglc-pass  intcrfcromctry.
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Additional infmna(ion  about  imaging rack, smnp]c data SC[S and software  [o display km

arc. availab]c on the World Wick Web, at [JR),:
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